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Abstract 
This study compared the pre- and post-landscape properties and soil erosion dynamics in the 5-kilometer long buffer 
zone of a gas pipeline located in Chongqing, Southwest China, by landscape metrics analysis and compilation of 
remote sensing data. The pipeline construction was implemented from 2006-2010. We used FRAGSTATS software 
to calculate landscape metrics and characterize landscape structure of the buffer zone based on information extracted 
from remote sensing data collected in 2006 and 2010. The land use transition matrix showed that the pre- and post-
pipeline landscapes shared the same integral structure with agricultural land as the primary type, accounting for about 
70% of the total area. Moreover, the landscape dynamics of the buffer zone was characterized by significant 
conversion of grasslands and bare land into agricultural land, at 68.22% and 71.06%, respectively. The landscape 
became less fragmented and heterogeneous and patch shapes became simpler and more regular, with landscape 
diversity indices relatively unchanged. Moreover, land area subjected to very slight erosion decreased by 27.16 km2, 
while strongly, severely and intensely eroded soil types increased. The total amount of soil eroded annually increased 
from 284.56×104 tonnes (t) to 305.51×104 t. Overall, we can conclude that there were no significant impacts of 
pipeline construction on the landscape dynamics of the 5 km buffer zone, but negative influences on soil erosion did 
exist. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The overall structure and composition of ecological communities are affected when changes occur in 
the landscape of a given region, emphasizing the need of landscape-level studies [1, 2]. Landscape metric 
tools for evaluating changes in spatial heterogeneity have been developed and widely applied, making it 
possible to compare the present state of landscape patterns with alternative scenarios [3, 4]. 
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Human activity has generally been regarded as an external disturbance on regional landscape patterns 
and their dynamics. One of the most frequent uses of remotely sensed data, geographic information 
system (GIS) techniques and landscape metrics is to assess the impact of human activities on landscape 
parameters [5]. Similarly, the current research aims to delineate the effects of pipeline construction on 
landscape patterns in China. In addition, soil erosion is a significant concern when considering human 
activity interventions, especially in landscapes with hills and mountainous areas with large slopes. Soil 
erosion is also an important contributor to environmental deterioration [6].The development of remote 
sensing (RS), GIS, and spatial information technologies to study soil erosion has resulted in rapid 
advances in temporal and spatial erosion investigations worldwide [7-9]. In fact, Shi et al. reported that 
about 83% of degraded land on the earth is triggered by soil erosion [10].  
This study reports the landscape dynamics in a 5 km buffer zone in Chongqing, Southwest China, 
before and after the construction of a pipeline, specifically, the effects on land-use allocation and soil 
erosion through GIS techniques and landscape metrics analysis.  
2. Material and methods  
2.1. Study area 
The gas pipeline, used for this study is located in the Chongqing Province of Southwest China and lies 
between the latitudes 292-302 and the longitudes 1066-1084 (Fig 1). The pipeline is 289.19 km 
long and a 5-km long buffer zone with an area of 2554.95 km2 was selected for the study. The landscape 
is dominated by hills and mountains with sloping fields. This region has a typical subtropical monsoon 
climate, characterized by wet and dry seasons, with a hot rainy season in 6-9. The annual precipitation 
ranges from 1000-1450 mm year-1. 
 
 
  
Figure 1. Location of the study area. 
2.2.  Image analysis and pre-processing 
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The primary data selected for the study were the Landsat-TM (http://landsat.gsfc.nasa.gov/) data 
acquired for path 127/Row 39 in June 2006 and 2010, which represented the phases before and after 
pipeline construction, respectively. 
TM images were pre-processed in the ENVI 4.4 software. 1:50,000 scale topographic maps were used 
for geometric rectification of the images. Next, atmospheric correction was performed on each image and 
an object-orientated rule-based classification was implemented within eCognition. Based on the 
classification standards of the Chinese Academy of Science, six land-use categories were outlined: 
agricultural land or AG, grasslands or GR, forests or FO, water bodies or WA (swamps, lake basins, bogs, 
floodplains, rivers, reservoirs and ponds), built-up land or BU (commercial, residential and industrial, 
which included oil fields and transportation systems) and bare land or BA. For assessment of the accuracy 
of these land use maps, field surveys with a global positioning system (GPS) were also performed.  
2.3. Land-use conversion matrix 
The land-use conversion matrix was obtained by overlaying the land-use patterns of 2006 and 2010 
with the spatial analysis software, ArcGIS 9.3. Interchangeable relationships between the two patterns of 
land-use are clearly shown in Table 3. 
2.4. Landscape metrics 
Three classes of landscape metrics were chosen as the most effective indicators of spatial 
heterogeneity and complexity: landscape fragmentation, shape and diversity indices [11, 12]. They were 
analyzed using the FRAGSTATS software. 
Landscape fragmentation metrics can provide quantitative information on how engineering 
construction breaks up larger patches of land into smaller patches and include patch density (PD), mean 
patch size (MPS) and largest patch index (LPI). Landscape shape analysis can give information about 
patch shape and size and includes edge density (ED), landscape shape index (LSI), fractal dimension 
index (FD) and perimeter-area fractal dimension (PAFRAC). Finally, Contagion Index (CONTAG), 
Shannon’s Diversity Index (SHDI), Shannon’s Evenness Index (SHEI), Modified Simpson’s Diversity 
Index (MSIDI) and Modified Simpson’s Evenness Index (MSIEI) were selected as the landscape diversity 
metrics. They provide information about the composition and structure of diversity by describing 
landscape richness and evenness. Brief descriptions of the selected metrics are listed in Table 1 and 
detailed definitions are given in the FRAGSTATS user’s guide [13]. 
Table 1. Landscape metrics utilized for landscape pattern characterization 
Category Metrics Abbreviation Description Range 
Landscape 
fragmentation 
indices 
Patch Density PD The number of patches per 100 hectares. ＞1 
Landscape Division 
Index DIVISION 
Based on the cumulative patch area distribution and is 
interpreted as the probability that two randomly chose pixels 
in the landscape are not situated in the same patch. 
0-1 
Largest Patch Index LPI Percentage of landscape accounted for by largest patch. 0-100 
Mean patch area AREA＿MN The average area of all patches in a landscape. ≥0 
Landscape 
shape 
indices 
Edge Density ED Length of patches edge on a per unit area. It gets bigger when the landscape becomes more fragmental. 
≥1 Landscape Shape Index LSI Average complexity of the landscape as a whole. 
Fractal Dimension 
Index FD The irregular shape of the complexity of the object. 
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Perimeter-Area 
Fractal Dimension PAFD Reflects shape complexity across a range of spatial scales. 1-2 
Landscape 
Diversity 
Indices 
Contagion Index CONTAG A general measure of landscape heterogeneity, describing the extent to which landscapes are aggregated or clumped. 0-100 
Shannon's Diversity 
Index SHDI 
A relative measure of patch diversity, which is determined 
by the distribution of the proportion of different land-use 
types in a landscape. 
≥0 
Shannon's Evenness 
Index SHEI 
Proportion of different land-use types in a landscape – the 
higher the value, the more even the landscape composition. 0-1 
Modified Simpson's 
Diversity Index MSIDI 
Eliminates the intuitive interpretation of Simpson's index as 
a probability. ≥0 
Modified Simpson's 
Evenness Index MSIEI 
Expressed such that an even distribution of area among 
patch types results in maximum evenness. 0-1 
 
2.5. Intensity classification of soil erosion 
Vegetation coverage and slope were selected as the main indicators of soil erosion intensity. They 
were assessed by field surveys and the link between these indicators and soil erosion intensity was 
established as in Table 2 [10, 14]. Land-use and Digital Elevation Model (DEM) maps were used for 
systematic analysis taking the support of GIS (ARCVIEW and ARC/INFO). The intensity of soil erosion 
was classified into very slight, slight, moderate, strong, severe and intense. 
Table 2. Criteria of soil erosion intensities 
                                   Slope 
Vegetation Coverage 
5~8° 8~15° 15~25° 25~35° >35° 
Non-cultivated, 
forest or 
grassland 
coverage （%） 
60~75   
45~60 Slight   Strong 
30~45   Moderate Strong Severe 
<30  
Strong Severe Intense 
Sloping cultivated land Slight Moderate 
 
3. Results 
3.1. Land-use changes and conversion analysis 
Land-use data were obtained from TM images captured by the LANDSAT satellite and the land use 
conversion matrix was generated to compare land-use before and after pipeline construction (Table 3) [15, 
16]. The results indicated that before the pipeline intervention, the landscape was primarily agricultural 
land and forests, occupying nearly 95% of the total area. After pipeline construction, the contribution of 
agricultural land and forests slightly decreased while the area of built-up land (BU), bare land (BA) and 
water (WA) slightly increased. For example, the proportion of agricultural land decreased from 77.36% in 
2006 to 76.96% in 2010 and built-up land from 2.27% to 2.77. On the whole, there were small changes in 
the proportion of each category of land-use, ranging from -0.51% to 0.5%. Grasslands and bare land 
accounted for a very small percentage, occupying less than 1% of the land in 2006 and 2010. 
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To further estimate land-use dynamics, a conversion matrix was performed on the six land-use types 
(Table 3). The results showed that grassland and bare land changed most significantly after pipeline 
construction, i.e., 68.22% and 71.06% turned into agricultural land, respectively. In addition, 37.08% of 
forests, 42.55% of built-up land and 21.5% of water bodies changed into agricultural land. The added area 
accounted for 10.80% of the total agricultural land in 2010. Also, 7.99% of the agricultural land changed 
into forests from 2006 to 2010. 
Table 3. Land-use change and conversion matrix before and after pipeline construction. B is the proportion of conversion. C is the 
percentage of the changed land type to the total land type.  
 
2010 
2006 
GR AG BU FO BA WA 
Total (km2) 
Proportion (%) 
GR 0.25 3.42 0.40 0.92 0.00 0.03 5.01 
B 5.01 68.22 7.93 18.34 0.00 0.50  
C 5.19 0.17 0.56 0.21 0.00 0.04 0.20 
AG 3.44 1754.10 40.25 158.01 4.06 16.72 1976.58 
B 0.17 88.74 2.04 7.99 0.00 0.85  
C 71.01 89.20 56.96 35.64 70.18 26.16 77.36 
BU 0.03 24.65 28.03 1.53 0.03 3.67 57.94 
B 0.05 42.55 48.38 2.64 0.00 6.34  
C 0.60 1.25 39.67 0.34 0.45 5.74 2.27 
FO 1.08 169.21 1.22 281.04 0.91 2.84 456.30 
B 0.24 37.08 0.27 61.59 0.00 0.62  
C 22.35 8.61 1.73 63.39 15.69 4.44 17.86 
BA 0.00 3.29 0.24 0.28 0.64 0.18 4.63 
B 0.00 71.06 5.18 6.05 13.82 3.89  
C 0.00 0.17 0.34 0.06 11.05 0.27 0.18 
WA 0.04 11.72 0.53 1.57 0.15 40.48 54.49 
B 0.08 21.50 0.96 2.89 0.00 74.29  
C 0.86 0.60 0.74 0.35 2.63 63.34 2.13 
Total (km2) 4.84 1966.39 70.67 443.35 5.78 63.91 2554.95 
Proportion (%) 0.19 76.96 2.77 17.35 0.23 2.50 100.00 
3.2.  Landscape dynamics in the buffer zone 
Because the pipeline program was implemented from 2006-2010, the landscape patterns in the 5-km 
long buffer zone in 2006 and 2010 can be used to represent patterns before and after the program, 
respectively. 
3.2.1. Transition of landscape fragmentation indices 
Fig. 2 compares the landscape fragmentation metrics in 2006 and 2010. The most significant change in 
the pipeline buffer zone was that the patch density index PD dropped to 81.13% after pipeline 
construction, suggesting that the landscape in this area became less fragmented and more homogeneous. 
No significant increases in LPI and MPS were observed during this period.  
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Figure 2. Comparison of landscape fragmentation metrics in the pipeline buffer zone in 2006 and 2010. The left panel depicts the 
actual values and the right panel, the values normalized to the 2006 values. 
3.2.2. Changes of landscape shape indices  
Fig. 3 shows the landscape shape indices in the pipeline buffer zone in 2006 and 2010. No obvious 
changes occurred in PAFRAC, but ED and LSI reduced by about 10%. Meanwhile, FD increased by 
7.96% during 2006 to 2010. The decrease of edge density ED and landscape shape index LSI indicated 
that the total perimeter of the patched edge got shorter and the connectivity of the landscape improved. In 
short, the landscape shape became smaller.  
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Figure 3. Comparison of landscape shape metrics in the pipeline buffer zone in 2006 and 2010. The left panel depicts the actual 
values and the right panel, the values normalized to the 2006 values. 
3.2.3. Changes of landscape diversity indices 
Fig. 4 depicts the dynamics of landscape diversity indices before and after pipeline construction. SHDI 
and SHEI increased by 4.20%, while MSIDI and MSIEI increased by 1.28%, as compared to 2006. In 
contrast, CONTAG dropped to 96.17%. On the whole, the results revealed that the landscape diversity 
improved from 2006 to 2010. 
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Figure 4. Comparison of landscape diversity metrics in the pipeline buffer zone in 2006 and 2010. The left panel depicts the actual 
values and the right panel, the values normalized to the 2006 values. 
 
3.3. Dynamic analysis of the soil erosion intensity 
Table 4 shows a comparison of soil erosion of various intensity grades in 2006 and 2010. In the study 
area, very slight erosion was spatially the most widely distributed in both 2006 and 2010, accounting for 
more than 65% of the total area eroded. Between 2006 and 2010, the areas of strong, severe and intense 
erosion slightly increased when the area of very slight erosion declined from 1651.29 km2 to 1624.13 km2.  
Correspondingly, the total amount of annual soil erosion increased by 20.95×104 tonnes after pipeline 
construction (Table 5), with very slight and slight erosion accounting for more than 60% of the total 
volume of soil eroded. Compared to 2006, no significant changes occurred in the volume of slight and 
moderate erosion, while the percentage of soil subjected to strong, severe and intense erosion increased 
slightly by 2.89%, 2.13% and 0.34%, respectively. 
Table 4. Area of soil loss atrributable to the different grades of erosion in 2006 and 2010 
Erosion intensity 
2006 2010 
Area (km2) Proportion (%) Area (km2) Proportion (%) 
Very slight  1651.29 66.29 1624.13 65.20 
Slight  699.63 28.09 699.94 28.10 
Moderate  64.43 2.59 65.77 2.64 
Strong  28.90 1.16 44.60 1.79 
Severe  45.90 1.84 82.76 2.21 
Intense  0.88 0.03 1.65 0.06 
 
Table 5. Soil erosion amounts attributable to the different grades of erosion in 2006 and 2010 
Year 
 
Erosion  
Intensity 
2006 2010 
Soil erosion amount (104t/a) Proportion (%) Soil erosion amount (104t/a) Proportion (%) 
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Very slight  82.56 29.01 81.21 26.58 
Slight  104.94 36.88 105.00 34.37 
Moderate  24.16 8.49 24.66 8.07 
Strong  18.79 6.60 28.99 9.49 
Severe  52.78 18.55 63.18 20.68 
Intense  1.33 0.47 2.47 0.81 
Total 284.56 100 305.51 100 
4. Discussion 
The proportions of land-use pre- and post- pipeline construction are comparable in the 5 km long 
buffer zone indicating that land-use underwent very small changes during the engineering period. 
Importantly, the status of agricultural land as the primary landscape component did not change. The slight 
increase of the built-up land and water bodies observed is probably due to the rapid economic 
development and increased annual precipitation observed in this area.  
Landscape metrics analysis showed that landscape fragmentation and heterogeneity had been 
moderated to some degree in the buffer zone after pipeline construction. In contrast, the disturbance of 
human activity, as measured by the…, increased compared to the pre-engineering phase. Interstingly, 
results from the landscape diversity metrics analysis suggested that pipeline construction had minor 
impacts on landscape diversity.  
The progress of soil erosion in the buffer zone is discussed below. From 2006 to 2010, the spatial 
contribution of different soil erosion grades marginally changed with very slight erosion decreasing and 
strong, severe and intense erosion increasing. Additionally, an increase in the total amount of soil eroded 
was primarily due to an increase of strong, severe and intense erosion amount. Combining this analysis 
with the land-use maps, we observed that the landscapes most susceptible to increased erosion were 
agricultural lands with a slope above 25° and grasslands with low vegetation coverage. This indicates 
that increased hydraulic power erosion plays a key role in degrading the top soil. 
5. Conclusion 
Overall, it can be concluded from the landscape and soil erosion dynamic analysis that the pipeline 
intervention did not affect the landscape dynamics of the 5-km long buffer zone, but may have resulted in 
increased soil erosion. Additionally, the increased amounts of soil erosion could also be attributed to 
terrain factors/properties. In fact, the government intervened to convert low-productive farmlands into 
forests or grasslands and improved vegetation coverage, which played an active role in landscape 
protection and slowing soil erosion. Thus, effective ecological restoration measures were able to reduce 
the detrimental impacts of human activities.  
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